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ABSTRACT 
Q u a r t e r l y  r e p o r t  on JPL C o n t r a c t  952297 f o r  a 20 CM Elec t r ic  T h r u s t e r  
Power C o n d i t i o n e r  and Support  Equipment, d e s c r i b e s  p r o g r e s s  i n  breadboard 
f a b r i c a t i o n  phase.  
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I n  t h i s  t h i r d  q u a r t e r l y  p e r i o d  o f  t h e  c o n t r a c t ,  p r i n c i p a l  e f f o r t  
w a s  i n  t h e  f a b r i c a t i o n  of t h e  c a l o r i m e t e r  and d e l i v e r a b l e  breadboard.  
T e s t s  were completed on most power modules,  and i n - p r o c e s s  tes ts  
conducted on p r i n t e d  c i r c u i t  boards f o r  C o n t r o l  Module. P r e l i m i n a r y  t e s t  
w a s  made of t h e  2 JW S c r e e n  Staggered-Phase System. 
Subsystem tes t s  were conducted,  u s i n g  d e l i v e r a b l e  modules,  on t h e  
Low Voltage Subsystem, t h e  A c c e l e r a t o r  Subsystem, and t h e  Arc Subsystem. 
T e s t s  were conducted on a new power t r a n s i s t o r ,  T r a n s i t r o n  ST18037, 
a p o s s i b l e  s u b s t i t u t e  f o r  S o l i t r o n  8805, promising a n  improvement of 1% i n  
e f f i c i e n c y  . 
V 
1 . 0  MODULE TESTS 
The f o l l o w i n g  module tes ts  were conducted i n  t h i s  p e r i o d :  
5 KHz L ine  R e g u l a t o r  - Problems Resolved - C u r r e n t  l i m i t i n g  
was added t o  t h i s  module, s i n c e  i t  was de te rmined  t h a t  f u s e  
would no t  p r o t e c t  l i n e  r e g u l a t o r  from s h o r t s  i n  5 KHz i n v e r t e r ,  
t h e r e b y  i n h i b i t i n g  o p e r a t i o n  of t h e  s t andby  i n v e r t e r .  T e s t  
v e r i f i e d  a b i l i t y  o f  t h e  l i n e  r e g u l a t o r ,  as mod i f i ed ,  t o  s a f e l y  
blow t h e  i n v e r t e r  f u s e .  
A c c e l e r a t o r  Line R e g u l a t o r  - No Problems - Same comments as 
( a )  above. 
5KHz I n v e r t e r  (Prime and Standby)  - T e s t  OK. 
A c c e l e r a t o r  I n v e r t e r  (Prime and Standby)  - T e s t  OK. 
Magnetic Modulator (Vapor i ze r ,  N e u t r a l i z e r  Heater, N e u t r a l i z e r  
K e e p e r ,  and Magnet S u p p l i e s )  - F a u l t y  Magnet mag-amp r e p l a c e d .  
Arc I n v e r t e r  (Prime and Standby)  - Test OK 
Arc Rect i f ie r  F i l t e r  - T e s t  OK 
Cathode I n v e r t e r  (Prime and Standby)  - P a r t i a l l y  t e s t e d .  
S c r e e n  I n v e r t e r  - E i g h t  Modules.-  T e s t s  o f  e i g h t  ( 8 )  completed 
i n v e r t e r  modules d i s c l o s e d  t h a t  v a r i a t i o n s  between S o l i t r o n  
SDT8805 power t r a n s i s t o r s  i n  b a s e - e m i t t e r  v o l t a g e ,  combined w i t h  
poor s w i t c h i n g  times r e p o r t e d  on  ea r l i e r ,  r e s u l t e d  i n  h i g h e r  
s w i t c h i n g  l o s s e s  t h a n  t o l e r a b l e  ( t o t a l  t r a n s i s t o r  l o s s e s  of 14 
w a t t s  a t  300 wat t s  load v e r s u s  8 wa t t s  d e s i g n  g o a l  and 12 watts 
maximum a l l o w a b l e  t h e r m a l l y ) .  These t es t s  a l s o  i n d i c a t e d  t h e '  
d e s i r a b i l i t y  of improving h e a t  t r a n s f e r  between t r a n s i s t o r s  and 
r a d i a t i n g  area of t h e  module p l a t e .  
A s  a r e s u l t  of  t h e  above t e s t s ,  t h r e e  ( 3 )  changes were i n i t i a t e d :  
1) I n c r e a s e  b a s e  d r i v e  v o l t a g e  from 2 . 5  v o l t s  and 1 amp t o  
4 v o l t s  and 1 amp, w i t h  i n c r e a s e  of t u rn -on  d r i v e  t o  2 amps 
w i t h  "speed-up c a p a c i t o r "  (was M 1 . 2  a m p s ) .  
2 )  Decrease t h e  o p e r a t i n g  f r equency  from 12.5 KHz t o  10.0 KHz. 
3 )  Improve h e a t  t r a n s f e r .  
From t h e  above, t h e  b a s e  d r i v e  power w i l l  i n c r e a s e  from approx i -  
ma te ly  3 wat ts  ( i n c l u d i n g  t u r n - o f f )  t o  approx ima te ly  5 wa t t s .  
However, i t  h a s  been v e r i f i e d  t h a t  t h e  i n c r e a s e  of 2 wat ts  i n  
b a s e  d r i v e  i s  more t h a n  compensated by a r e d u c t i o n  of 6 w a t t s  i n  
c o l l e c t o r  l o s s e s .  The expec ted  t o t a l  c o l l e c t o r  and b a s e  d r i v e  
l o s s e s  w i l l  t h u s  b e  approx ima te ly  13 watts v e r s u s  t h e  d e s i g n  g o a l  
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of 11 wat t s  o r  a l o s s  of  2/3% i n  e f f i c i e n c y  a t  300 wa t t s  o u t  
( i n v e r t e r  t o t a l  l o s s e s  expec ted  22 wa t t s ,  o r  an e f f i c i e n c y  
o f  - 300 H 93%). The above change i n  b a s e  d r i v e  r e q u i r e d  re- 
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p l a c i n g  two d r i v e  t r a n s f o r m e r s  per i n v e r t e r .  T h i s  was done and 
a l l  modules r e t e s t e d  w i t h  new t r a n s f o r m e r s .  
Heat t r a n s f e r  improvement was r e q u i r e d  i n  two ( 2 )  areas: ( a )  t r a n s -  
i s t o r  mounting i n s u l a t i o n ,  and ( b )  c h a s s i s  h e a t  t r a n s f e r .  
The mounting t e c h n i q u e  f i r s t  used was a 2 m i l  Kapton washer f r o n t  
and back. T h i s  t e c h n i q u e  was used as a temporary method pending 
e v a l u a t i o n ,  i n  vacuum, of o t h e r  t e c h n i q u e s .  T h i s  e v a l u a t i o n  h a s  
now been completed,  and t h e  r e s u l t s  are  i n d i c a t e d  i n  t h e  a t t a c h e d  
g raph ,  F i g u r e  1-1. Accordingly,  w e  used t h e  t echn ique  of i n -  
s u l a t i n g  w i t h  a .060" b e r y l l i u m  o x i d e  washer ,  w i t h  .010" indium 
f o i l  between washer and t r a n s i s t o r ,  RTV 11 between washer and 
c h a s s i s ,  ny lon  bush ing  i n  h o l e  (no s h o u l d e r ) ,  and n u t  i n s u l a t e d  
w i t h  mica washe r .  As t h e  graph i n d i c a t e s ,  a d rop  o f  1 t o  2 O C  may 
be expec ted  w i t h  4 wat t s  p e r  t r a n s i s t o r ,  i n  vacuum. 
The o t h e r  change i n c o r p o r a t e d  was t o  improve h e a t  t r a n s f e r  o f  t h e  
module r a d i a t o r .  The magnesium a l l o y  used,  AZ318F, most r e a d i l y  
a v a i l a b l e  f o r  t h e  breadboard,  h a s  rough ly  213 t h e  the rma l  con- 
d u c t i v i t y  of t h e  b e s t  m a t e r i a l ,  ZK6OA-TS. To o f f s e t  t h e  low 
the rma l  c o n d u c t i v i t y ,  and f u r t h e r  improve t h e  h e a t  t r a n s f e r ,  a 
2" d i a m e t e r ,  .060" t h i c k ,  pure magnesium washer  was bonded t o  t h e  
n u t  s i d e  of  t h e  module p l a t e .  T h i s  i s  expec ted  t o  reduce t h e  
p r e s e n t  t he rma l  g r a d i e n t  between t r a n s i s t o r  mounting area t o  
c e n t e r  of p l a t e  from 5OC t o  2OC. 
The d e c i s i o n  t o  change tk o p e r a t i n g  f r equency  from 12.5 KHz t o  
10.0 KHz was made a f t e r  a c a r e f u l  review of  o u t p u t  t r a n s f o r m e r  
d e s i g n s .  S i n c e  o r i g i n a l  d e s i g n  was f o r  f l u x  d e n s i t y  1400 Gauss 
a t  12.5 KHz, a t  10 Wz, d e n s i t y  w i l l  b e  1750 Gauss,  o r  h a l f  t h e  
a l l o w a b l e  f l u x  d e n s i t y  of 4000 Gauss a t  75% and 4 O e r s t e d s : ( l  
a m  ere e x c i t i n g  c u r r e n t ) .  
cm' t o  37 mw/cm3. With a c o r e  volume of 31.5 e m 3 ,  c o r e  l o s s  w i l l  
i n c r e a s e  from 0 . 8 8  wa t t s  t o  1.16 wat t s  o r  an i n c r e a s e  of 0.28 
wa t t s .  S i n c e  t r a n s i s t o r  s w i t c h i n g  l o s s e s  w i l l  be  approximately 
4 wat t s  a t  10 KHz v e r s u s  5 wa t t s  a t  12.5 KHz, a s a v i n g s  of 1-0.28 
= 0.72 wa t t s  w i l l  r e s u l t ,  w i t h  t h e  a d d i t i o n a l  advantage of a 
lower t e m p e r a t u r e  r i s e  i n  t r a n s i s t o r s .  
Core l o s s e s  w i l l  i n c r e a s e  from 2 8  mw/ 
I n  t h i s  p e r i o d ,  i n f o r m a t i o n  was r e c e i v e d  from T r a n s i t r o n  Corpora-  
t i o n  on a 20 amp, 400 v o l t  t r a n s i s t o r  i n d i c a t i n g  t h a t  t h i s  shou ld  
be s u b s t a n t i a l l y  more e f f i c i e n t ,  and more r e l i a b l e  t h a n  t h e  
S o l i t r o n  d e v i c e  now used.  Swi t ch ing  speeds ,  a t  8 amps,  between 
0.5 and 0 . 8  microseconds,  were e x p e c t e d ,  w i t h  h i g h  r e s i s t a n c e  
t o  secondary breakdown i n d i c a t e d  by a p e r m i s s i b l e  i n d u c t i v e  switch-  
i n g  enve lope .  A l so ,  a p o s i t i v e  t e m p e r a t u r e  c o e f f i c i e n t  on b e t a  
a t  8 amps i s  g u a r a n t e e d ,  a much more r e l i a b l e  c h a r a c t e r i s t i c s  t h a n  
t h e  n e g a t i v e  c o e f f i c i e n t  of t h e  S o l i t r o n  d e v i c e .  
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Samples o f  t h e  T r a n s i t r o n  d e v i c e  were t e s t e d  t o  v e r i f y  c h a r -  
a c t e r i s t i c s .  R e s u l t s  are g iven  below: 
Two ( 2 )  sample T r a n s i t r o n  t r a n s i s t o r s ,  Type ST18037, were re-  
c e i v e d  and t e s t e d .  The tes ts  v e r i f i e d  t h e  expec ted  improvement 
i n  s w i t c h i n g  t i m e  and c o l l e c t o r  v o l t a g e  Vceo, r e l a t i v e  t o  t h e  
S o l i t r o n  8805. Fo l lowing  i s  t h e  t e s t  d a t a  o b t a i n e d .  
TABLE 1 
It w i l l  be no ted  t h a t  s t o r a g e  t i m e  i s  l o n g e r  (2 .5  ps) t h a n  
s p e c i f i c a t i o n  of  1 .0  ps. This  i s  t o l e r a b l e ,  however. Swi t ch ing  
times are a p p r e c i a b l y  b e t t e r  t h a n  s p e c i f i c a t i o n ,  as i s  Vcesat.  
If samples  a r e  t y p i c a l ,  a g a i n  of 1% i n  system e f f i c i e n c y  should 
r e s u l t  from improvements i n  b o t h  s w i t c h i n g  t i m e s  and Vcesa t .  
A l so ,  h i g h e r  Vceo w i l l  r e s u l t  i n  s u b s t a n t i a l l y  more margin and 
r e l i a b i l i t y ,  re la t ive  t o  expec ted  stress o f  200 v o l t s  t r a n s i e n t ,  
w o r s t  case. 
S i n c e  s w i t c h i n g  l o s s e s  a r e  p r o p o r t i o n a l  t o  t h e  sum of  r i s e  and f a l l  
t i m e s ,  a s i g n i f i c a n t  improvement i s  expec ted  h e r e ,  s i n c e  w i t h  t h e  
w o r s t  of two s a m p l e s ,  t h e  sum o f  1.1 ps compares w i t h  1 . 9  ps of 
t h e  b e s t  10% o f  S o l i t r o n  u n i t s .  S i m i l a r l y ,  t h e  b e s t  10% of 
S o l i t r o n  u n i t s  show a Vcesat of .43 v o l t s  a t  o n l y  6 amps v e r s u s  
0.322 a t  10 amps  f o r  t h e  T r a n s i t r o n  u n i t s ,  s o  a n  a p p r e c i a b l e  i m -  
provement may be expec ted  i n  t h i s  area. 
High V o l t a g e  F i l t e r  - No problems. 
C o n t r o l  Module - This  module c o n s i s t s  of  seven ( 7 )  p r i n t e d  c i r -  
c u i t  c a r d s  and two ( 2 )  d i s c r e t e  component p a n e l s .  A t  t h e  t i m e  
of t h i s  r e p o r t ,  t h e  r o l l - o f f  c i r c u i t s  and f u n c t i o n  g e n e r a t o r  have 
been t e s t e d  i n  t h e  completed c a r d s .  Data i s  shown i n  F i g u r e s  1-2 
t o  1-5. 
The r o l l - o f f  c o n t r o l  c h a r a c t e r i s t i c s  e x h i b i t  a more rounded knee 
t h a n  expec ted .  However, t h i s  shou ld  n o t  r e s u l t  i n  any d i f f i c u l t y  
i n  t h e  e n g i n e  c o n t r o l  l o o p .  I f  t h e  c u r v a t u r e  i s  c o n s i d e r e d  ob- 
j e c t i o n a b l e  by JPL, i t  may be  minimized by s a t u r a t i n g  t h e  c o n t r o l  
modulators  below 5 v o l t s ,  s ay  a t  4 .5  v o l t s ,  f o r  t h e  v a p o r i z e r  and 
n e u t r a l i z e r  h e a t e r  sys t ems ,  s i n c e  t h e  maximum c u r r e n t  i s  no t  
s p e c i f i e d  as b e i n g  c l o s e l y  r e g u l a t e d .  However , the  ca thode  con- 
t r o l  r o l l - o f f  w i l l  b e  s h a r p  s i n c e ,  u n l i k e  t h e  v a p o r i z e r  and 
n e u t r a l i z e r  h e a t e r s ,  4 0  amps  i s  o b t a i n e d  a t  0 v o l t s  c o n t r o l ,  
and c u t - o f f  a t  5 v o l t s .  
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2 . 0  SUBSYSTEM TESTS 
"Low-Voltage" Subsystem - This  c o n s i s t s  of t h e  5 KHz Line  Regu la t -  
o r ,  t h e  5 KHz I n v e r t e r  and Standby, and t h e  Magnetic Modulator 
modules.  The system w a s  t e s t e d  u s i n g  s i m u l a t e d  c o n t r o l  ( r o l l - o f f )  
w i t h  l i n e  v a r y i n g  from 40 t o  80 v o l t s ,  and normal l o a d s  t o  s h o r t s .  
Telemetry o u t p u t s  and c o n t r o l  s e n s i t i v i t y  were reco rded .  R e s u l t s  
a r e  shown i n  F i g u r e s  2 - 1  t o  2 -7 .  
A c c e l e r a t o r  Subsystem - T h i s  c o n s i s t s  of  t h e  A c c e l e r a t o r  Line 
R e g u l a t o r ,  t h e  A c c e l e r a t o r  I n v e r t e r  and Standby,  and t h e  High 
Vo l t age  F i l t e r .  System was t e s t e d  w i t h  l i n e  from 40 t o  80 v o l t s  
and load  from z e r o  t o  100 m a .  R e g u l a t i o n  w i t h  l i n e  w a s  less t h a n  
1%. R e g u l a t i o n  w i t h  load  w a s  as f o l l o w s :  
- LOAD OUTPUT 
1 m a  
1.5 m a  
6 . 0  m a  
9 . 8  m a  
1 3 . 8  m a  
24  m a  
48 ma 
98.5 m a  
2291 v o l t s  
2170 v o l t s  
2016 v o l t s  Spec = 1% f o r  5 t o  10  m a  
2002 v o l t s  ] 
1997 v o l t s  
1986 v o l t s  
1960 v o l t s  
1867 v o l t s  
= 20 v o l t s  a l l o w a b l e  
Arc Supply Subsystem - T h i s  system c o n s i s t s  of t h e  Arc I n v e r t e r  
and Standby,  and t h e  Arc-Rectifier F i l t e r  modules. System was 
t e s t e d  f o r  r e g u l a t i o n  and t e l e m e t r y  w i t h  l i n e  from 40 t o  80 
v o l t s  and load  from 0 t o  7 amps.  Performance w a s  s a t i s f a c t o r y .  
Data i s  shown on F i g u r e s  2 - 8 ,  2-9,  and 2-10.  L i n e a r i t y  of  c u r r e n t  
s e n s e  w a s  v e r y  good, showed no s e n s i t i v i t y  t o  l i n e  v o l t a g e ,  and 
should p rov ide  a good i n p u t  t o  c o n t r o l  module c a t h o d e  c o n t r o l .  
S c r e e n  Subsystem - An impor t an t  t e s t  conducted i n  t h i s  pe r iod  was 
t h a t  of  t h e  s t agge red -phase  s c r e e n  system. These t es t s  were con- 
duc ted  from no l o a d  t o  0.6 ampere a t  2 KV o u t ,  w i t h  l i n e  v a r i e d  
from 40 t o  80 v o l t s ,  i n  a c l o s e d  loop v o l t a g e - r e g u l a t i n g  mode, 
u s i n g  d e l i v e r a b l e  i n v e r t e r  modules, h igh  v o l t a g e  f i l t e r ,  and 
breadboard s t agge red -phase  d r i v e .  
,+I 
The t e s t  was l i m i t e d  t o  0.6 ampere maximum, pending replacement  
of  i n v e r t e r  d r i v e  t r a n s f o r m e r s  f o r  i n c r e a s e d  b a s e  d r i v e  t o  t o l -  
erate  slow s w i t c h i n g  speeds  of S o l i t r o n  t r a n s i s t o r s .  
Good r e g u l a t i o n  of o u t p u t  v o l t a g e  was o b t a i n e d ,  showing less than 
1% r e g u l a t i o n  from 40 t o  80 v o l t s  l i n e  a t  l o a d s  from 0.2 t o  0.6 
ampere, w i t h  r i p p l e  less than  100 v o l t s  peak-to-peak (2% peak 
v e r s u s  5% spec) .  A t  no- load,  ave rage  v a l u e  was s t i l l  c l o s e  t o  
2 KV, w i t h  500 v o l t s  peak-to-peak r i p p l e  due t o  l i m i t - c y c l i n g  
mode. T h i s  peak v o l t a g e ,  no-load,  w i l l  be less t h a n  2500 v o l t s ,  
c o n s i d e r e d  a c c e p t a b l e  by JPL. 
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The test  of t h e  s t agge red -phase  system i n c l u d e d  measurement of 
t h e  s i g n a l - t o - n o i s e  r a t i o  on t h e  i n v e r t e r  i n p u t  g a t e s .  T h i s  
showed abou t  S v o l t  r i p p l e  on t h e  5 v o l t  s i g n a l ,  a n  a c c e p t a b l e  
v a l u e .  However, t h e  system t e s t e d  w a s  t h e n  modif ied t o  p rov ide  
b u f f e r i n g  between p h a s e - s h i f t i n g  s h i f t  r e g i s t e r  and i n v e r t e r  
i n p u t  g a t e s ,  s i n c e  d i r e c t - c o u p l i n g  between r e g i s t e r  and g a t e s  
c o u l d  r e s u l t  i n  a f a i l u r e  of t h e  r e g i s t e r  w i t h  a s h o r t e d  i n v e r t e r  
g a t e ,  not  t o l e r a b l e  f o r  i n v e r t e r  redundancy. T h e r e f o r e ,  b u f f e r -  
i n g  was added and system r e t e s t e d  w i t h  no d i f f i c u l t i e s .  
New screen-drive,transformers were t h e n  added. 
A l l  power t r a n s i s t o r  mountings were a l s o  conve r t ed  t o  beryl ium- 
o x i d e ,  indium t y p e ,  w i t h  a d d i t i o n a l  2 "  d i a m e t e r ,  .060" t h i c k  
magnesium washer added under  nu t  t o  i n c r e a s e  c h a s s i s  c o n d u c t i v i t y .  
A w o r s t - c a s e  a n a l y s i s  of c a p a c i t o r  c o u p l i n g  used between f i r s t  
and second s t a g e  DTL 932 g a t e s  i n  PWM i n v e r t e r s  (Screen,  Cathode, 
and Arc )  r e v e a l e d  t h a t  f o r  v e r y  narrow p u l s e s ,  such as demanded 
a t  no-load,  t h e  c a p a c i t o r  c o u p l i n g  a t  low t empera tu re  extremes 
would r e s u l t  i n  r a t c h e t i n g  of t h e  i n v e r t e r s  t o  tu rn -on  soone r  
t h a n  d e s i r e d ,  and improper o p e r a t i o n  a t  no-load (excessive o u t p u t ) .  
Consequent ly ,  it w a s  dec ided  t o  remove t h e  AC c o u p l i n g  from PWM i n -  
verters and p r o t e c t  a g a i n s t  l a t c h - u p  i n  c o u n t e r  o r  s h i 5 t  r e g i s t e r  
by an AC d e t e c t i o n  c i r c u i t  t o  s h u t  system down r a p i d l y  i n  t h e  e v e n t  
of l a t ch -up ,  t h u s  a v o i d i n g  a c a t a s t r o p h i c  f a i l u r e  of PWM i n v e t t e r  
d r i v e r s ,  i f  l a t c h - u p  occur red  i n  t e s t  phase due t o  w i r i n g  e r r o r  
o r  t e s t - i n d u c e d  f a i l u r e s .  
F u r t h e r  c o n s i d e r a t i o n  of t h e  haza rds  a s s o c i a t e d  w i t h  t e s t i n g  i n -  
d i c a t e d  t h a t  w i t h  i n v e r t e r  g a t e s  d i r e c t l y  coupled t o  c o u n t e r  o r  
s h i f t  r e g i s t e r ,  w i t h o u t  a pull-down r e s i s t o r  on i n p u t  g a t e s ,  an 
i n a d v e r t e n t  opening of t h e  c o n n e c t o r  a t  t h e  LV Connect ion Module 
cou ld  r e s u l t  i n  a l l  i n v e r t e r  i n p u t  g a t e s  going t o  "1" s t a t e  and 
p robab le  burn-out  of i n v e r t e r  d r i v e r  t r a n s i s t o r s ,  w i t h  AC cap- 
a c i t o r  c o u p l i n g  removed from PWM i n v e r t e r s  as i n d i c a t e d  above. 
It was a l s o  appa ren t  t h a t  any f a i l u r e  of a n  i n v e r t e r  d r i v e r  t r a n s -  
i s t o r  which r e s u l t e d  i n  a n  open emi t te r  (low p r o b a b i l i t y ,  b u t  
p o s s i b l e )  could r e s u l t  i n  35 v o l t s  c a r r y i n g  through g a t e s  t o  
c o u n t e r  o r  s h i f t - r e g i s t e r ,  and c a t a s t r o p h i c  f a i l u r e  of  t h e  l a t t e r .  
I n  view of t h e  above c o n s i d e r a t i o n s ,  it was dec ided  t o  d i o d e  
c o u p l e  a l l  i n v e r t e r  i n p u t s ,  t o  b l o c k  p o s s i b l e  35 v o l t s ,  and add 
a 500 ohm pull-down r e s i s t o r  a t  a l l  g a t e  i n p u t s ,  t o  ho ld  i n p u t s  
a t  0 s t a t e  w i t h  an open l i n e .  Both t h e s e  a d d i t i o n s :  s l i g h t l y  
r educe  n o i s e  immunity, b u t  are a d e s i r a b l e  t r a d e - o f f .  
The above- ind ica t ed  changes have been breadboarded and t e s t e d ,  and 
have been i n c o r p o r a t e d  i n  t h e  f a b r i c a t i o n  of d e l i v e r a b l e  modules.  
System i s  now ready f o r  retest  w i t h  t h e s e  changes.  
The i n c r e a s e d  b a s e  d r i v e  now a v a i l a b l e  w i l l  p e r m i t  nex t  t e s t  t o  
b e  conducted a t  l o a d s  up t o  1 ampere. 
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3.0  TEST CONSOLE FABRICATION 
F i g u r e  3-1 i s  a photograph of completed T e s t  Console  No. 2 .  T h i s  
u n i t  h a s  been mod i f i ed  re la t ive  t o  T e s t  Console  No. 1, d e l i v e r e d  on 
1 December f o r  u s e  w i t h  t h e  Breadboard of C o n t r a c t  952229. M o d i f i c a t i o n  
was n e c e s s a r y  t o  p rov ide  f o r  d i f f e r e n c e s  i n  i n v e r t e r  modules (number of i n -  
ver ters  and s t andby  packag ing) ,  a l s o  f o r  h e a v i e r  l i n e  c u r r e n t  r e q u i r e d  a t  40 
v o l t s  i n  new system re la t ive  t o  80 v o l t s  i n  ear l ie r  system. 
4.0 CALORIMETER FABRICATION 
F i g u r e s  4-1 and 4-2 are photographs of completed c a l o r i m e t e r .  The 
sys t em h a s  been p r e s s u r e  t e s t e d  and v e r i f i e d  as okay i n  t h i s  t e s t ,  It i s  now 
b e i n g  prepared f o r  t he rma l  c a l i b r a t i o n ,  which shou ld  be completed by 1 May, 
r eady  f o r  t e s t  of d e l i v e r a b l e  b readboard .  
5 .O BREADBOARD FABRICATION 
F i g u r e s  5-1 t o  5-14 are photographs of t h e  power c o n d i t i o n i n g  assembly 
and modules.  As may be s e e n  from t h e  pho tographs ,  f a b r i c a t i o n  of a l l  modules 
i s  complete  except f o r  c o n t r o l  module, which i s  shown i n  a s ta te  of p a r t i a l  
comple t ion  p r i o r  t o  f i n a l  assembly, and low v o l t a g e  c o n n e c t i o n  module, c o n t a i n -  
i n g  s t agge red -phase  system, which i s  i n  board assembly s t a t e ,  n o t  shown. 
6 .O MILESTONE SCHEDULE 
F i g u r e  6-1 i s  a c h a r t  of m i l e s t o n e s  r e f l e c t i n g  change i n  schedu le  t o  





























FIGURE 3-1 - Test Console  
22 
FIGURE 4-1 - Calorimeter  
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FIGURE 4-2 - Calorimeter 
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FIGURE 5-1 - Power Conditioning Assembly 
25 
. ... . 4 - 7  
FIGURE 5-2 - Power C o n d i t i o n i n g  Assembly 
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FIGURE 5-3 - S c r e e n  I n v e r t e r  
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FIGURE 5-4 - High Vol t age  F i l t e r  
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FIGURE 5-5 - Arc Inverter 
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FIGURE 5-6 - Arc Rectifier-Filter 
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FIGURE 5-7 - Cathode  Inverter 
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FIGURE 5-8 - High V o l t a g e  Connection Module 
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FIGURE 5-9 - A c c e l e r a t o r  I n v e r t e r  
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FIGURE 5-10 - 5 KHz Inverter 
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F I G U R E  5-11 - Magnetic Modula tor  
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FIGURE 5-12 - Line Regulator 
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FIGURE 5-13 - C o n t r o l  Module 
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FIGURE 5-14 - C o n t r o l  Module Boards 
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